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(57) [§?**>] («IEW) 
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160 



?K^7^-^tiifc»§ip a a^7y h y ? *&{*J 
^ttS^£fi^T&xg-c£>or, c<DM@ft Q a aO/^^ 
^ h y * • *^*3e»ri** 

xgi, 

c) 6?IBv** .^r^;l/^rJ>f^-^cD«S{*CC^3 10 

d) «WB)H«3l«l^^^^^*«cn*"i*S lofiLh© 

e) buIBvx^ •^7 s ;v^BtrtBx>^^ry>^-^^ 
^ - *Rcw«EwsfB«fcfr^ 9 - * ttcmmtvzwi 

f) WSa<Dx>^Ty>^- /^^-*RtflHS£2R 
<fc5K, maumftm**^*-* • a-FK* 20 

h) (5sa<ox>^ry>^* ^^y-^scnsss* 
fcA*rr*xg<t, 

i > fiTia a • 3-F*^-f S**^ • a>fcT*. 

ft/t/cir>«iMtg| i iaiS<D:fr£o 

Hi) i*. tWB3>tr»-* • a-F*Hfflttlc 

^ft^xi^^ti^M i sb*s<d#&> 
[i»#ffl4 ] xgf)», I8i) cctew^rWR^^ 

Cave*-* • a - F*JSatt9«cWC«»f u*iwr. 
j ) Zfc&<D^£Z£&V 1 ^JSLb© 50 



(2 ) ^2000-3 3 1 035 
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k) wRina^n-fex*i}iBx>^r y>y - 

w<9 rai L/ctJiasjs-r * -©/^ ^ 
f y * ^fkwws»»*ffBtr cos? 
js-r f y 9 ^aw^s^RJft^ 

m) traeRas-f • ^JUtttlHa:/^*-* 

n) BuffiSSii^^Vt'*-^ • a-FArttcft** 

moAn&xn^ 

0) «BK«a»©^©«««rK3>tr*--# • a- 

F CC A^JT ^Xgi *r^*C*J 0 ■ 
XS i ) UKa^ • a- F*»6. B'JiB 

• *r*<DMWfn*9 

So 

[l»«3B6] Wi«Mfc*«fW*te«>«:. xg 

1 ) a&»6»6tifc«BKi-<*-^- * *^©&M 
4W/<^y-*©ffl*snfc»3eaH>K:J:0, XHj ) 
ril«n/cS5Bg^n*fe^^^T^>c<h«:cfcor, XS 

- ^offi^sn/c^ofi%j*o*Bs«ja*»fp'r^x 

fl£ ^ "CI** tt#JH 5 SKCD^&o 
[lttH 7 ] Xlf)lt IWB«»rtWf¥ffi*H«» 

^ Xgi) |WB3>t:*-* • a- F*H»WK: 

[»*3i8 ] xgn) x@ i ) ic*t»nnanK 

*©««:8WB=J>fcr»-» • a - FtfJEStoteSO^T 

u«t»t:. B?nasB§>f^-^^^ -*<fto<Mm*m* 
^e>gfrgaK5§>f^-^^- • -t^KDfMsi^w^^^- 

"Cl * 7 IBtScD^ffio 

[ffi*®9 ] Xgf)», Xgi) CCte^TSTfB^* 

FShfc«*«*tt* | 6IWB^x* - 
iW0ftfJ*W/< -7 ^ - *©HW)(*3E©fl[ * ffl^T * £ 9 
CC, tJiaStHBW^^RfflW^^^^-^ * a- FCC 



3 

m. 

^w^- 5^ - *©atfj £ ftfci#5£©ffi«: <t o . xg 
in i > A>e>f#6*ifcii3nev*:> • ^foaya&v&t}* 

[jmoiniimw!] 

[0001] 

[#sf8©#»] #ng!B. — »W{c«i>y-T y>^ 
• 3>tfa— * • -rlf ^> • '>—JU{cB8T-5*>©"C* 

o . Mtc^o < b. mmm&<Dx->i;-7 y >y • -rif 

[0 00 2] 

[*WI©W»] ffifa ttttKA) ©x>i?.=. 

r y > y • xtf >©fc«>©ja*n©^)£fc«, ^ > t * 
f- y ? frnwrnn^iitLxmstiz. c© 

J:5iS;*f*B, J*3?W«:tt, fUflR©a>f 

19ft- (CAD) ^J3i/7A*«fflUr^5nT^S„ 

(Uni graphics) . -fUX-Z/it—T (PRO-Engineer). I D 

[0003] AfflBWctt. KtHRff^jtofflimffE* 

V** V V A Cqeometrv)ii«rfiefflL,rj?!Ha©^Wx> 

©ffi*«j&*-*. cn». ssf©x>^ry>^©ffi 

Koi>T©l*§fitKgT*£T?8!»);i;SftS„ JfcCvc. 

-7 «; > T s. ta§t©&&w& j» 

h y -f *«. 5 y • i^UgJfc&tt©.* 5 

(ooo4]-ec-c. iaHM&*Kif-UHfl?r -5 *«>© 

[0005] 

B. OTOOSa) 7!»Mi ) tdtt. Tttfr*>. IfS 
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a ) B. 1 oj&honSKS&ffst 5 > - * c 
i«r^tf. ISb) B. 3>fcT*-3'^SaaSf^'P^ 

b y » tim^mmi 

*> ef*OT«C.£*Str..XSe) b. • 

£©8fffc(Cg2tt 3 HiCt *£tr. x« 

d) B. JB^^fefr/^jf-^CCga^-r* loJiU:© 

e) B> • ^e^Ufcx^S^xr y>^ • — 

z£*ffc£-r set xs f > «, wtwmmm^ 

a>e»-ji • a- FK^n^S>i/Lt. x>^- 

ry >y • A?y~*REflR»$£^{ 7 y~$#:/ 

ISe) «. a>t»-3f • a- F*3>tr»-*©ifig 
«tKE1t3#*Ci*dto. ISh) HE, l>yiT9 

>i/ . ^7^-»&cfmsFK^fefiv-<?^- »©4«e© 

it*3>f»-J • n-FtCA*-rsCi%dtf. XI 

20 i ) IJ, 3>fcfa-ar • 3- F*f*^ • 3>fcTa 

-Z-cmf L-C, 7XJ • ^^©jftWfWA^-* 

[0006] -MBiWc4»l»r tt. *f£^©^S»S 
fc. Kjg%o a q*Si{ / PT^fcto©«3g^a42^*tfttf-r-& 
/c*«c, J&lT©Xgj )7lio) %$tr. XSj ) tt. 
SBS«5a a a4SS^-rs/c*©sjjgsiii&af 1 -3j«_L©Si§ 

**tf. Ilk) B, tjjt^n-fe^^xi/^ry^i/ 

tCM«#W S«)gWW#ffi*fSfiS-r -5 C i xg 

^^W^7^-$-C^L/cSijt^*-^7-©-'<7^ 
b y f ^«M5I^fi^31*f^ljW-4 C i MiS-f * 

-^7-©/^x r V ? *m*i¥mmmam&-i 

9- • *^U45E«>i. ISm) SJB-r*-^7- 

Iln) «. S?SS»*S3>f^-^ • a - FA2HCSC 

40 AftSCifc^tf. Igo) iSitSig©^©ffi?r 
3>f^-$ • =i- F{CA*-T-SCi%^t?„ C©H«S 
.®«-C«. Hi ) B£fc. 3>t a -$o- F*> 

e»v sjjs^*-^- • ^^©^^j^-^^-^cd 

^©«i«r W^-r C £ £^t*„ 
[0007] S0©5li6.®«-C«. n> b' a -J • n- F 

- ^ ©W^J S n/c«f^©ffi[B#tt^^- -/< - 7 F (ove 
rride^iCi^r^. *©». 3>fcf3.-*-3-F 
50 BSaWKIWf Li^Wr. ^ttT*-^-^ FStlfc 
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[0008] w.^m<Dmmmx{t, *§m<Diimz* 
[0009] *mnfrh&r>fr<Dm^vm&&nhtx 

ne<D i o6U:(«ww^^ low 

[00 10] 

•3>tr*-df«:J:0Wa u o raw c £ 

[0011] 1 <D§£g/:/P-kXig 

a^9A*ffi«j &G3*vCisQ. ^n^AB 
i 2 0teiBtg;*ft£o *©M»tt^5M*Jb-:a>t:» 

tt£ lo<Df^ • HPUXt^ 

*7-F*t£>9 0 0 0/Cl fflkiL<07Kl9 
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^/ce&CD^ffij <tfB3tt/c:/n * * l 6 0 *^ff 3tt 

*ioo, i 6 orcm 8 oco^dc-D^xmxr^M 

[0012] ^P^IO 02CD^a-fe^«£tia 

) fi:/ny5A*fB£j iiB$n/c^n^^2 1 0i*d 
tfo ^a^2 oo«03(ci$b<^$nr*5D, JSTF 
fctti»ra:7a-fe*xei -7tc#i£^£fc©£UT« 

®a - e KSUftr* utw^en^^p ? * 

2 1 175^2 1 5£#t* 0 v V 1 6 0ttH5CC8¥L/ 
<**3ftT*j»K OTK:Si^T^^n-fexxg8-i4 
cc»j&rs*>©iur««je»6tis^n * * 8 - 1 4 

^O^^l 8 0»H6CC»L<^Sti-C*0. 

d jaTccsieu-r^^n-fe^xei 5-1 7K>tfj£-r*&<D 

<t LT««5£«>&*1*^* ^15-17 Sr^tfo 
**6teH7fc^;*nTO*X*i£:^tTU OTKlfttpj 

e»n^^p * * 3 0 1 - 3 1 0 **tr . 

[0013] &T<D&mz. r^^>i tPfA*><o 

[0014] ^a-fe^cDXg 1 tt ra5 n a pk:oc^r<D®S 
0 ttastifc^ay *i ii/tssht^i, ®^<d 

^ 0 -w<tur, ft«(D2/yT^«C8W«c^r«KTr 

[0 0 15] ya-feXCDX®2« f":a>fcr*-dr3fcSR 

tt (cad) ^ciy^AfcflefliUTaBfio^^^ fv? 
H3ic*j^t rcAD*flOTbtvx* 

X* * *^ <-«cfc>*3, WftO^^-rf h y 9 

#*5JtB^fe<D«, WiL«, n.^^"yV a ^X(Uniqraphi 
cs) , ProE, IDEAS»t*4)rtt«W?I«4 
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<fc#m*5„ t©*7^©^&£JijS?-r c 
CO 01 6] yat^©H3(i r=i>t»-5fjg8»(c 

[0017] ^a«©ii4tt W a {coc>r©ftjf 
sa) j citAO, H3(c*s^r rx> 

^ 4 <fcl/-C7jx3nTt>-5„ x>yxr 'J>^ • 

^tf-^n-fe^(c*«-5A^;<i:LT«ffl3tiSio 

<?>x«-a©ffi?r^o^iLr3eii$n. *v>wmy 

jt - * €riiJS-r 5 J: 5 KttA©*i$tttts<{5 ^ - * 
{*. SBC. f£*7. Mil. (fiGMa»HK^©33K©fttc 

*rc*sa&) &s©%M©xt JEE**T<cdrr*s. ~> 
[0018] ^n-fex©x^5 « ngfcft©^.* h y „ 

>r y > y • - * 2U7nss3R&*'-c?> - * « 
<WWco(,»rB. cn««?«ffcj:»)»*a$n/t*s*© 

#g©Xtt£T©;|E£t*\ rfjJR©V7 f-9x7#>6©»? 

jg. ^ttrtgidtatf-ffi, £**jffi3j*JBfl! 
-c^trc £**$?£ ia>„ t";r^nRgffi©Mr«. Bgjg 
•ctfft < mt Lxmif s <t . c tii*; »* o < oc. i ) 
iia©afK{cs^>rgfs©^*tf»-r sci, 2 ) 
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•*-*<:£. 4) mffim^zbicmmttttZMmm^T: 

«l-5l>Tax h*itt?-f 5 1 £. fc£'©HI©ire 
T*5„ RlfflWr^&H:. ^*#K:««S3nScfc-5 

k. cti6©is**wa©»Rsiift:ittjKr*is. * 
[0019] 7"o-fex©xig6tt rx>y-ry>i/ • 

• n>f ^ -5=1 >e^-;$f . x^u> Ff- 

-* • 2^5 At?* £3 • 3- K) (c^a 
^5s>^ci (c©xgfcoc»r©^sn/c^ 

20 ffiffl-rsfcaxcn^f^-^ • 3- f orsc*^, 

U-^ F->- FX«ffe©Ji^3>f^-af • 

^^©^©gpfficatfuT^attaj^©-?. ^ 
©gPD^ccsffiffiDjig-cabs,, ^^.(^ ^r©^#s©^> 

cn*<t*©aiK:-r2.*>K:o(,ir©^ffi^ty^^|ffl 

[0 02 0] ^aH2^©Xg7« rmtZ-fUv F5^- 

30 h <-r&fcf^ 3>t^-3r . =,_f) *j»<*«:fati^ 

•51 C£"C*»3 t BI3KfcUt riSfl-^^'U ■? Fi^— F 
4. 

[002 1 ] ^n-fe^©Tte©XS ( A - E ) WBSSSi 
iRfctS^T?*!?. S*©ia:tf^a-fexr«^-c{i 

[0022] ^n-b^ciiAB rssa*»fpr4^«> 
40 ^) j ci-e&fK 04{cfci>r rfjjgyatx 

£§B3tl/c7-ni,i7 2 1 1 t IsXmZtlXl.* 

0 11. mmrzctmzsts. -&micmi*. sfjg^* 
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n -fe x A^X^KJt^a *fe x (DA#J&»4>3l3rc# 

[0023] ^n-feX(DigB» rt&gr/o-fexfcxv 

iurjaisns. wtw«f*ffi<o«iLr», 5/-F 
;W ^S^a-fex • <=ef^k tStS^uxfl^ tKftcJJQX 

««^*-^-^6«W9ftWS^-- F • X* 
StRU ^"C* v 2m&&is- h^ffiR^- Ft*® 

tt % ^n-fex <#**il£) *a**3&», Al>K«Kt2 

[0 024] ^n-feX(DIgC{i r=i>tra-jrSaiR 
If- (CAD) ^oy7A4ffiffllt t gi5n D „cDSS§^a-fe 

7j-*r?3kOttW&J*-?'7--<o^ : 7J F y 

cir*^ a4{c*5c>T rcAD^ffflu 

>72 1 3 i ltS?nt^-5. S&S-f • 

X^aItEfefc(D«, Wittf, 3^*9:7 Pro 
E, I DEASi?T?£>S) ftX?&m^t£te^>V*-2 
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igg-cia&sft*. mtisxmtfzt. ?-y>y-* 

Ffr*>?|CDir>:/U- F«r«KT4^:»«C«fflSti 
ft «*^aW£flfr £ fc«> KGMT £ » * l> C v7 U 

x • y-y>yc*s. 
io [0 0 2 5] ^a-fe^<DiSD» r«6-f*-:/9- • 

[0 02 6] ^C3-feX<DXgE« rSJBK»^3>tTa 
• 3-FA*«:tt&J:3K:, i3i§^T^^^it^ 
Fv-h (-r«c*>%^ 3>tr^-^ • F) cc 

2 i Biit^nt^o -a, s?Js«?«T^R^-e 
s^»w*s^»ffla^i»f^^i-^F^h era 

t>%, 3>t:a-* • 3-F) «:^ay^5>ysti 
30 -/xcD2/yr>nDC6«*RW-o. i»c«fRi«rttt^« 

CDRW-tBJiT&^AftcafflTSCi^a**. 

-h^A**C#&^<fc5«c, **«BORM-C*4. 
[0 0 2 7] C Ct, »Bft^O"b^KR-jT v 

[0 0 2 8] yn-feX©X18W tmtZ^l'? F5/- 
h (Tftto'fe* £ • =3— F) ^Srf 5 ^^^^ • 

40 rstt^^U^ F3^-F*SBtJ iE8hfc^o^8 

iurs^snr^*. jWf*tt*RS^t:. ^6^3 

>tr»-ir«»«:K«Snw*RW-x^U'» Ff-F 
tc^n^^ 5>yo/c^ F y ^ f»ft*RM"T 

v F V- h *Htf T £ C i OC J: o r §8 ^ C i ^B* 

[002 9] ~7UKX<DXm9 » rSftSSB^iSftA^ 

50 *o Rttttfie«. ^fsoRH-A*, -r^^x>^r 
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[0030] ^"n-fe^coxg i o tt rjasfjc'HUTJWf 
tf*fiarr*j c&r*o % 05&c:fci>T rmtxfu? io 

■CC»*. «H*:/U» FS/-H«T9 h9-*f>2?Kg9 
5 ti^S J: 5 fcttfOMKIgfT 1/ , (Ktttta > f A 

• 3-ft*sjs^) ^(DjgK-o^Tsarr^o a 
w<-*-f Fi/T^o^cc^snri^sftM^fficco 

[0 03 1 ] 7'a-feX©IS 1 1 « r^T 1 !, 20 
- b <T&*>%." n>t:^-£ • a- F) ^vxjf - * 

[0 03 2] ^OtXOXgl 2 rmtX?l>v Fts- 
F <■*-&*> fc, ^>t"^-# • F) #igj§^*-:/ 

IfiA-E-cie^tBft^ttt^rc^wd, g£itx 
Fv-F^stturc^aJia^oc>r^'tiK:ra 

sc*fotrs^Stis. Hfc:, SStx:/^ > f^- bWM 
y^-^*D^ti^ *n%&*tcc<Dm&>xmjjk2ti 
%m>^ <Dmz> s tittftmcomzma-rz vx * 

[0 03 3] :/n-feXCDX*Il 3« r&H^&ej^^- 
0. HSCtfcOT l"vx* • ^r^Jgfr j <hESti/c 50 
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nt&micji-ixmiLtc^ Sfi&tfC^xn^zrv v 

Fis-bKx^xmtjzntt&wim'^j-z^ 
x* ♦ *£f)\,K.*tvz>rtvM f »; v?^m*msi-?z>tt 

^ Ftt, rtSKSffi^S^Lr, vx* • <*rfvv 
^"Jtg&v? F^xr<D^iiLr« v ^y^^ * 

[0034] :/u-feX<DXfIl 4te rsgjg 

A *-zfv- • *7\U/*JgSrJ <tlB3ftfc:/a ^14 
£LT?r;£ftTt,>& 0 ISISKWJteJ:^ SH-x^u^ F 
f - F#±iB<DXgA - E ^^/cK^&*#A,r<,> 

- • *?)\,K.^XWm*7\s v F^-FfcJ^THfcfc 
F{C*5C»rtt, mtx^uy F^-F«. 

[003 5] ^n*feX<DTfBOXg (Xfl 15-17) 
[0036] 7*p«fe^oiii 5« r«tJS(Dfeae)(CSff 

*«s» , r*j c<tr*o, 06$cfo<,>T rmtz$mi 
mi -i 4xmftztitmm>&imm<Dtc&tc$m? 

[003 7] 7*nt^©ili 6« r^ftj^ccSJig 

^tfj ifB^n/c^n^ ^ 1 6£L/T^3ftTl>£ 0 
StfX ^ L, ^ F V- F *5±IBCDXSA - E Xifc^tcWm 
E £&*&A,Xl<>Z>i&& s COXStiUff^nftl^ 
[0 0 3 8] ^n-feX<DX^l 7« r«5ft*ilfWaj . 

cir^D, EI6k:*h>t rflSA^Hffj ilB*n/c^ 

[ 0 0 3 9 ] «T<DiBi£tt, T^F^^>2iPf^fccr) 
[0 04 00 TfBCDT^ F^-T>«, SfftX^U^F^ 

<P9iL/r«, X (EXCEL) % XESS, FORT 
RANNv C, C + + , MOTIF. JAVA, COR 



(8) 

13 

-$3>m.w&t (cad) z/wy^trntxy'isv vu 

- f t<Dm<Dft$$tcm?htix\<>z> y >*#^s*rc(,> 

P^ROTESS^^l/^ F^- F • ^a^At 

q)U 5JCC>T (A) X>^~T!/>y -^^y-a?, 1® 
^^ffS^B^SJROSK&Sm^A^L/. (B)& 10 

[0 04 1 ] c<DHififi§«l«, 

zmz<Dmt^&&*)»tix\,>z> 0 s:iF*:/u* f>— 

gltc^o Hie, iiacDXgCK:^6nri>^J:^ 
U fc<T&<U>o 

[0042]Rit*:/u* lUffT^ 

[0043] :/EHz*<Z>XfI I «: rA^«:»3E"rS J t 
07CC4dC^r TA^^^J t&Ztitcfu 

z\zmtmm^&^zmtx$sip a <D'^s f y * * 30 

- F *>^/c-Il/fe-ffl©Wf7 * F A#ffi£J3 
7*7 Fffitt^? Fa5p a n-^ffiCC*fj£T^^ 

(a) x^ry^-^y-*, (B) JH 

£o 40 

[0044] :/n-fex<DXfl I i « r^^j-^t^ffi^ 

^3 02iU^ntl^ o Ff-F 

gfo D D ccoc>T<E>^y F y * ^^aoJTJRIJS^ffl^ 
[0045] ^ntx©xg 1 1 Hi r&ff 0 <Dm*&* so 
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ffi£*7JJ8SS£ffiK:ia^j iifiSftfc^n -^303iU 

[0 04 6] ^n-feXCDXgl V» r^M&cJ:*)iaSt& 
BnWBira**-'*-^ Faj5fc£<J:5K:*!r£j c^r 

£ J £ifi3nfc:/n^3 0 4£UTmSftT(,>£ o IS 

-So ctiii, rw-x^u* Pis— t*mi?z>?&<omM 

[0047] >^a*fexcDxev« m^x-^v-T y 

^ry>y^w^Htfj ita$n?t^n^^3 05 <t 
ir^^nti^. stl-^u* F->-Ftt, F 

[0 048] ^a-fexoxgv 1 « rmm*m&W&3k 
&tl\M?Z>\ c<h-c$>0, 07^:431^ r^S^^ 

(a) sss^^fF^ss uri^»^, X^V I I - 

(B) m&^&^*ffi&l<X\,>tj;\,>Wr&. 

2) 111 I I KlJBKXgKlR^o 
[0049] yo-bX(DISV I I « riBSJSW^ffi^ 

$^nri>^»^ Kj§»«T^^fu, ^(Dffi(DtB^« 
^*tfj £IS3ftjfc^n?^3 0 7<bl/T*$nn^ 



20 
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[0050] ^a-fe*©ifiv i 1 1 (j rmm^smm 
-ens. 

(A) SS*&#£«JEL-CI,>.Si©£, Xg I X'vjttr. 

0&<D®ic®mztiz. cvmmtxmvi (b> d 

^ F !/ SiSY^-y^"©^^ h y -f&tf|$g 
(C) jS^.fc^fcx^I VX«V I ttg?S„ 

[0 05 1 ] ^o-fex©igix(i rv**".*^© 

(A) ^©-M-Ctt. CAD^^^^fi-x^U,, K 

j/- net ^xmmmtcmmztiz. 
[0052] ^ntxciixtt risijs^^^aj 

ja-Cl»*«d, • *^©fcj£>©^^ 

y f » *»w*«nftt*Htt7r*j ci-c^o, 07 
pj tmtitczra ^3ioi ur^s tiros 
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1. Title of Invention 

Method For Designing An Article Of Manufacture 

2. Claims 

1. A method for designing an article of manufacture 
comprising the steps of: 

a) defining one or more customer requirement 
parameters for the article of manufacture; 

b) creating a parametric geometrical 
representation of the article of manufacture In terms of geometric 
parameters using a computer aided design program, the parametric 
geometrical representation of the article of manufacture defining a 
master model; 

c) storing th* master model on a computer 

medium; 

d) choosing one or more engineering parameters 
relating to the customer requirement parameters; . 

e) creating a design analysts methodology that 
relates the master model to the engineering parameters and the 
customer requirement parameters; 

f) programming the design analysis methodology 
into a computer code such that the engineering parameters and 
customer requirement parameters are program inputs and the 
geometric parameters of the master model are program outputs; 

g) storing the computer code on the computer 

medium; 

h) inputting specific values of the engineering 
parameters and the customer requirement parameters into the 
computer code; and 

I) running the computer code on a digital computer 
and outputting therefrom specific values of the geometric parameters of 
the master model. 
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2. The method of claim 1 , also for making the article of 
manufacture, and also including the step of making the article of 
manufacture having the outputted specific values of the geometric 
parameters of the master model obtained from step i), 

3. The method of claim 1, wherein step f) includes 
programming the design analysis methodology into an iterative 
computer code and wherein step i) includes the step of iteratively 
running the computer code, 

4. The method of claim 3, wherein step f) Includes 
programming the design analysis methodology Into an iterative 
computer code such that in step i) one or more of the outputted specific 
values of the geometric parameters of the master model are manually 
overridable after which the computer code continues iterativety 
rerunning and outputting therefrom other specific values for the 
geometric parameters of the master model while keeping the manually 
overridden values. 

5. The method of olairn 1 , also for designing a 
manufacturing process for making the article of manufacture, and also 
including the steps of: 

j) choosing a manufacturing process including 
manufacturing criteria and one or more manufacturing enabiers to 
make the article of manufacture; 

k) creating a manufacturing analysis methodology 
that relates the manufacturing process to the engineering parameters 
and the geometric parameters of the master model; 

I) creating a parametric geometrical representation 
of the manufacturing enabiers in terms of geometric parameters using a 
computer aided design program, the parametric geometrical 
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representation of the manufacturing enablers defining a manufacturing 
enabler model; 

m) storing the manufacturing enabler model on the 

computer medium; 

n) incorporating the manufacturing analysis 
methodology into the computer code such that the manufacturing 
criteria are computer code Inputs; and 

o) inputting specific values of the manufacturing 
criteria into the computer code; and 

wherein step i) also includes outputting from the 
computer code specific values of the geometric parameters of the 
manufacturing enabler model. 

6. The method of claim 5, also for making the article of 
manufacture, and also including the step of making the article of 
manufacture having the outputted specific values of the geometric 
parameters of the master mode! obtained from step i) by using the 
manufacturing process chosen in step j) with the outputted specific 
values of the geometric parameters of the manufacturing enabler model 
also obtained from step i). 

7. The method of claim 5, wherein step f) Includes 
programming the design analysis methodology into an iterative 
computer code and wherein step i) includes the step of iteratively 
running the computer code. 

8. The method of claim 7, wherein step n) includes 
incorporating the manufacturing analysis methodology into the iterative 
computer code such that in step I) one or more of the outputted specific 
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values of the geometric parameters of the manufacturing enabler model 
are manually overridable after which the computer code continues 
Iterative* rerunning and outputting therefrom other specific values of 
the geometric parameters of the manufacturing enabler model while 
keeping the manually overridden values of the geometric parameters of 
the manufacturing enabler model. 

S. The method of claim 6, wherein step 0 includes 
programming the design analysis methodology into an iterative 
computer code such that in step i) one or more of the outputted specific 
values of the geometric parameters of the master model are manually 
overridable after which the computer code continues iteratively 
rerunning and outputting therefrom other specific values for the 
geometric parameters of the master model while keeping the manually 
overridden values of the geometric parameters of the master model. 

10. The method of claim 9, also for making the article of 
manufacture, and also including the step of making the article of 
manufacture having the outputted specific values of the geometric 
parameters of the master model obtained from step i) by using the 
manufacturing process chosen in step j) with the outputted specific 
values of the geometric parameters of the manufacturing enabler model 
also obtained from step i). 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

The present invention relates generally to engineering 
computer design tools.and more particularly to a process, a digital 
computer, and a medium readable by a digital computer for the 
engineering design, and optionally the making, of an article of 
manufacture. 

BACKGROUND OF THE INVENTION 

Known methodologies for the engineering design of parts 
(i.e., articles of manufacture) have included the use of computer 
spreadsheets programmed with a mathematical geometric model of the 
article which allows the design engineer to vary one or more geometric 
variables, with the spreadsheet calculating the values of the other 
geometric variables within desired constraints. In some instances the 
mathematical geometrlo model of the article is represented as a 
parametric geometry model. Such models are typically developed > 
using commercially available Computer Aided Design (CAD) programs. 
Examples of such programs include Urographies, PRO-Engineer, 
IDEAS, etc. 

Typically, the design engineer develops an initial 
geometric description of the article, assigns values to the dimensions 
and runs a separate mathematical engineering analysis, using such 
initial geometry values, to determine the engineering aspects of the 
design. The design engineer then varies certain geometric variables 
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and reruns the mathematical engineering analysis. This is repeated 
until acceptable values for the engineering aspects of the design are 
reached. The final geometry of the design is checked against customer 
requirements, such as life cycle requirements. Then, the design 
engineer forwards the design to manufacturing personnel who perform 
an analysis to determine if the article can be manufactured and then 
either return the design to the design engineer for modification or 
proceed to develop the manufacturing process and actually make the 
part. 

What is needed is a more efficient modality for designing 
and making an articie of manufacture. 

) SUMMARY OF THE INVENTION 

The method of the invention for designing an article of 
manufacture includes steps a) through i). Step a) includes defining one 
or more customer requirement parameters. Step b) includes creating a 
parametric geometrical representation of the article of manufacture 
(i.e., a master model) in terms of geometric parameters using a 
computer aided design program. Step c) includes storing the master 
model on a computer medium. Step d) includes choosing one or more 
engineering parameters relating to the customer requirement 
parameters. Step e) includes creating a design analysis methodology 
that relates the master model to the engineering parameters and the 
customer requirement parameters. Step f) includes programming the 
design analysis methodology into a computer code such that the 

) engineering parameters and customer requirement parameters are 

program inputs and the geometric parameters of the master model are 
program outputs. Step g) includes storing the computer code on the 
computer medium. Step h) includes inputting specific values of the 
engineering parameters and the customer requirement parameters Into 
the computer code. Step I) Includes running the computer code on a 
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digital computer and outputting therefrom specific values of the 
geometric parameters of the master model. 

. In one implementation, the method is also for designing a 
manufacturing process for making the article of manufacture and 
includes steps j) through o). Step j) includes choosing a manufacturing 
process including manufacturing criteria and one or more 
manufacturing enablers tb make the article of manufacture. Step k) 
incrudes creating a manufacturing analysis methodology that relates the 
manufacturing process to the engineering parameters and the 
geometric parameters of the master model. Step I) includes creating a 
parametric geometrical representation of the manufacturing enablers in 
terms of geometric parameters using a computer aided design 
program, the parametric geometrical representation of the 
manufacturing enablers defining a manufacturing enabier model. Step 
m) includes storing the manufacturing enabier model on the computer 
medium. Step n) includes incorporating the manufacturing analysis 
methodology into the computer code such that the manufacturing 
criteria are computer code inputs. Step o) includes inputting specific 
values of the manufacturing criteria into the computer code. In this 
implementation, step i) also includes outputting from the computer code 
specific values of the geometric parameters of the manufacturing 
enabier model. 

In another implementation, the computer code Is an 
iterative computer code, and the outputted specific values of the 
geometric parameters of the master model and/or the manufacturing 
enabier model may be manually overridden after which the computer 
code continues to iteratively rerun and output other specific values 
while keeping the manually overridden values. 

In an additional implementation, the method is also for 
making the article of manufacture and includes the step of making the 
article of manufacture having the outputted specific values of the 
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geometric parameters of the master model obtained from step i) with 
the outputted specific values of the geometric parameters of the 
manufacturing enabler model also obtained form step i). 

Several benefits and advantages are derived from the 
Invention. Using desired engineering parameters as inputs, instead of 
nominal geometric parameters, shortens the engineering design time. 
Factoring the manufacturabillty into the design process means that the 
manufacturing personnel will not have to review and/or analyze a given 
design for producibility. This shortens the overall time to design and 
make the part. Factoring In customer requirements ensures that the 
quality of the parts produced meets the customer expectations which 
reduces warranty work on the manufacture's part and reduces potential 
downtime on the customer's part. Allowing for manually overriding the 
outputted specific values from the compute code of thB geometric 
parameters of the master model and/or manufacturing enabler model 
provides for rapid design and manufacture of different specific articles 
within the same type of article (or same type manufacturing process) 
wherein different specific articles (or different specific manufacturing 
processes) have different hard constraints on one or more of their 
geometric parameters, as can be appreciated by those skilled in the art. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention can be expressed as a process, a 
digital computer, or a medium readable by a digital computer for the 
engineering design, and optionally the making, of an article of 
manufacture. Such articles or parts can range from the simple to the 
complex, and include, without limitation, a bolt or a gas-turbine 
combustor. 

An organization of the overall invention Is shown In the 
hybrid apparatus/process block diagram of Figure 1. Block 100 Is 
entitled B Create Program", such program being stored in block 120 
which is entitled "Medium Containing Program*. Such medium is 
readable by a digital computer. A medium is a computer hard disk. 
Other such mediums include, without limitation, floppy disks and CD- 
RW disks. Block 120 is read by block 140 which Is entitled 'Digital 
Computer". The choice of the digital computer is left to the artisan. 
However, one choice of a digital computer is a Hewlett Packard 
9000/C110 running an HPUX operating system. The program on the 
medium causes the digital computer to execute block 160 which is 
entitled "Method for Designing Part". Information which defines the 
designed part is sent to block 180 which is entitled 'Make Designed 
Part". The contents of blocks 100. 160, and 180 will be further 
explained below. 

Block 100 is shown in more detail in the process flow 
chart of Figure 2. Block 100 includes block 200 entitled "Create Design 
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Program" followed fay block 21 0 entitled "Create Manufacturing 
Program". Block 200 is shown in greater detail in Figure 3 as including 
blocks 1 through 7 as hereinafter defined which correspond to process 
steps 1-7 as hereinafter explained. Block 210 is shown in greater detail 
in Figure 4 as including blocks 21 1 through 215 as hereinafter defined 
which correspond to process steps A-E as hereinafter explained. Block 
160 is shown in greater detail in Figure 5 as including blocks 8-14 as 
hereinafter defined which correspond to process steps 8-14 as 
hereinafter explained. Block 180 is shown in greater detail in Figure 6 
as including blocks 15-1 7 as hereinafter defined which correspond to 
process steps 15-17 as hereinafter explained. It is noted that block 6 
provides for the performance of the steps shown in Figure 7 as 
including blocks 301-310 as hereinafter defined which correspond to 
process steps l-X (Roman Numerals) as hereinafter explained. 

The following, whiah is referred to as Outline 1 , describes 
the steps in the process. 

"Establish (i.e., define) the customer requirement 
parameters for the part" is step 1 in the process and is shown in Figure 
3 as block 1 entitled "Establish Customer Part Requirements". 
Customer requirements are defined as specific values or constraints of 
the oustomer requirement parameters on the overall performance of a 
part which the part is expected to meet. Examples include, but are not 
limited to, maximum weight, minimum life, minimum reliability, minimum 
strength, durability, minimum environmental operating conditions, 
conformance to a standard, cost. etc. As an example consider a 
common cereal box. Here the customer (a cereal manufacturer) might 
want a box with minimum cost, capable of holding X ounces of their 
product, with a minimum strength which allows for 10 filled boxes to be 
stacked without crushing the bottom box. 

"Create a parametric geometrical representation of the 
part (Master Model) using a Computer Aided Design (CAD) program" is 
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step 2 in the process and is shown in Figure 3 as block 2 entitled 
"Create Master Model Using CAD*. A Master Model (i.e., a parametric 
representation of a part) is defined as a computer model/representation 
usable within a Computer Aided Design Software, (commercially 
available examples of which are Unigraphics, ProE, IDEAS, etc.) in 
which part geometry is described in terms of features (holes, lines, 
curves, chamfers, blends, radii, etc) and dimensional parameters 
associated with these features which at any given time take on specific 
numerical values. This representation of a part is often referred to as a 
rubber band part because all its dimensions are flexible. For the cereal 
box example, the box is described by its length, width, height, and 
thickness of the cardboard alt of which may vary. To understand the 
flexibility of this model, note that this also is a description of a mover's 
packing box. 

"Store the Master Model on a computer medium" is step 3 
in the process and is shown in Figure 3 as block 3 entitled "Store 
Master Model on Medium". 

■Establish (Le. r choose) the engineering parameters 
relating to the successful design of the part (i.e., relating to the 
customer iwjuirement parameters)* is step 4 in the process and is 
shown in Figure 3 as block 4 entitled "Establish Engineering Part 
Parameters". An engineering parameter is defined as a variable 
having a value or array of values U6ed as the inputs to a design 
process whose goal is to establish the final parametric values of a part 
whose performance meets the customer input requirements. Examples 
include but are not limited to temperatures, pressures, material 
properties, number of instances of an item (as in the number of blades 
in a compressor row), pressure drops, etc. For the cereal box example 
this preferably is the material properties of the cardboard, density of the 
product, etc. 
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"Create a design analysis methodology that relates the 
parametric geometrical representation of the part (i.e., the master 
model) to the engineering parameters and customer requirement 
parameters' is step 5 in the process and is shown in Figure 3 as block 
5 entitled "Create Design Analysis Methodology". The design analysis 
methodology is defined as the sequence of engineering analyses that 
are performed to determine if the part meets the desired customer 
specified functional requirements. While this analysis is specific to the 
part being designed, it is also general enough in nature that it allows 
the various part dimensions to be altered as needed. For a given part 
this preferably includes any and all combinations of analytically derived 
results, results of analysis from Commercial Off-The-Shelf Software, 
response surfaces from a Design of Experiments, a company 
proprietary empirical procedure, a company standard design practice, 
text book procedures, etc. in an appropriate order. For the cereal box 
this preferably, without limitation, is a series of computations such as 1) 
compute the required volume based on product density, 2) select the 
main dimensions to obtain the volume based a company procedure for 
esthetic box sizes, 3) compute the critical crushing parameters based 
on thickness, dimensions, and material properties, 4) compute cost 
based on empirical model relating surface area to cost The design 
analysis methodology includes steps to compare results to desired 
requirements, to adjust dimensions accordingly, and to iterate, as can 
be appreciated by the artisan. 

"Program the design analysis methodology into a Design 
Spreadsheet (La., a computer code which is a computer spreadsheet 
program or other non-spreadsheet computer program for a digital 
computer) in such a way that the engineering parameters and customer 
requirement parameters are the inputs and the geometric dimensions 
are the outputs (details of the suggested methodology for this step are 
provided in Outline 2)" is step 6 in the process and is shown in Figure 3 
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as block 6 entitled "Program Into Design Spreadsheet", Once the 
design analysis methodology is defined, it is programmed into a 
computer code (i.e., a spreadsheet or other suitable computer program) 
for use by the design engineer. Since it is general in nature to ail parts 
of the same configuration and requirements, it is reusable for multiple 
parts. For example a gdod cereal box spreadsheet design tool 
preferably is used to design all sizes of cereal boxes. Complete details 
of how this is done including the methodology are provided in Outline 2 
as hereinafter explained. An example of the Design Spreadsheet is the 
XESS spreadsheet environment in Unigraphics which is available from 
the EDS Unigraphics Division of the Electronics Data Systems 
Corporation. 

"Store the Design Spreadsheet (Le., computer code) on 
the medium" is step 7 in the process and is shown in Figure 3 as block 
7 entitled "Store Design Spreadsheet On Medium". 

The Following Steps (A-E) in the Process Are For an 
optional Methodology and are not required for the basic design 
process. 

"Establish (i.e., choose) the manufacturing process 
includfrig manufacturing criteria and one or more manufacturing 
enabters that will be used to make the part" is step A in the process and 
is shown In Figure 4 as block 21 1 entitled "Establish Manufacturing 
Process". Once the article of manufacture has been defined it is 
possible to establish the manufacturing process that wiil be used to 
make the part. The process generally consists of a number of steps in 
which the raw material, for example a sheet of cardboard stock, is 
converted into the final part, a cereal box For the cereal box some of 
the steps might Include cutting out the shape of the box with its flaps 
from a flat sheet of cardboard, applying the packaging design to one 
side, stamping the sheet to pre-crease the fold locations, folding, 
gluing, etc. In general terms, a manufacturing enabler is a 
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representation of a manufacturing process input or an input component 
of the manufacturing process that is consistent with a specific instance 
of a designed part. Examples include, process sheets to produce the 
component, drafting drawings, parametric master models for the tooling 
(Tooling Model), parametric master models for fixtures (Fixture Model), 
parametric master models for casting geometry associated with a 
component (Casting Model), input data for NC machinery, tables of 
standard available stock sizes, etc. Manufacturing criteria are 
manufacturing parameters such as wall thickness of a mold used to 
make the part. 

"Create a manufacturing analysis methodology that 
relates the manufacturing process to the engineering parameters and 
the parametric geometrical dimensions of the part (i.e., the geometric 
parameters of the master model)' is step B In the process and Is shown 
In Figure 4 as block 212 entitled "Create Manufacturing Analysis 
Methodology". A manufacturing analysis methodology or process 
capability model is defined as a numerical representation of a 
manufacturing process and / or process capability that relates the 
required output part to the input manufacturing enablers (as defined in 
step C below). Examples of manufacturing analysis methodologies 
include models of sheet metal forming process, models of casting 
process, forging processes models, machine press operations, 
machining tolerance process models, assembly toleranclng models, 
etc. For the cereal box. an example manufacturing analysis model 
preferably is the process for cutting out the box shape. For this cutting 
process the analysis might include first selecting a standard cardboard 
sheet size from a manufacturing enabler table of standards and then 
relating the cutter speed to the sheet dimensions and sheet properties 
to produce an estimate of whether the cardboard cuts or tears, the later 
of which preferably requires some changes to either the process (cutter 
speed) or the design of either the box or the cutter blade. 
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"Create the parametric geometrical representation(s) of 
the manufacturing enabler(s) (i.e., a Manufacturing Enabler Model) in 
terms of geometric parameters associated with the manufacturing 
process for the part (Manufacturing Enabler Model) using a Computer 
Aided Design (CAD) program - is step C in the process and is shown in 
Figure 4 as block 213 entitled "Create Manufacturing Enabler Model 
Using CAD", A Manufacturing Enabler Model is defined as a computer 
model or representation usable within a Computer Aided Design 
Software, (commercially available examples of which are Unigraphics, 
ProE, IDEAS, etc.) in which a hardware component specific to the 
manufacturing process for the particular part is described in terms of 
features (holes, lines, curves, chamfers, blends, radii, etc.) and 
dimensional parameters associated with these features which at any 
given time take on specific numerical values. Examples included 
Tooling Models, Fixture Models, Casting Models, etc. For the cereal 
box example, a Tooling Model is the cardboard paper cutter 
mathematical model that represents the unfolded and unglued shape of 
the box, including all the end flaps that are used to cut the box template 
from a sheet of cardboard. Another example is the press tooling that 
preferably is used to pre-crease the folds prior to folding the box- 

-Store the Manufacturing Enabler Model on a computer 
medium" is step D in the process and is shown in Figure 4 as block 214 
entitled "Store Manufacturing Enabler Model On Medium". 

"Incorporate the manufacturing analysis methodology into 
the Design Spreadsheet (i.e., computer code) such that the 
manufacturing criteria are computer code inputs" is step E in the 
process and Is shown in Figure 4 as block 215 entitled "Incorporate 
Manufacturing Into Design Spreadsheet". Once the manufacturing 
analysis methodology and its associated Manufacturing Enabler Models 
are defined, the numerical representation of the manufacturing analysis 
methodology is programmed into the Design Spreadsheet (i.e.. 
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computer code). Since it is added to the design analysis methodology, 
it provides the spreadsheet with the ability to design parts which meet 
the customer requirements and which simultaneously meet the 
requirements of the manufacturing capability of the factory floor. Like 
the design analysis methodology, it is general in nature to all parts of 
the same configuration, and it is reusable for multiple parts. For 
example, the cereal box spreadsheet design tool is able to be used to 
design all sizes of cereal boxes and in addition prevents the design of 
boxes that can not be made. A simple example is the design of a large 
box which meets all the engineering criteria but for which there is no 
standard cardboard sheet available which is large enough to make the 
designed box. 

Returning to the Basic Process Methodology, a 
description is given of additional steps in the process, 

"Run the Design Spreadsheet (i.e., computer code) on the 
digital computer" Is step 6 in the process and is shown in Figure 5 as 
block 8 entitled "Run Design Spreadsheet Having established the 
analysis methodologies and programming them into a Design 
Spreadsheet stored on the computer medium, the process of designing 
the parametric part can be Initiated by running the design spreadsheet 
on the digital computer. 

"Design Engineer enters the design inputs" is step 9 in the 
process and is shown in Figure 5 as block 9 entitled "Enter Design 
Inputs". The design engineer then enters the required design inputs: 
the specific values of the engineering parameters, customer 
requirement parameters, and manufacturing criteria (if applicable, such 
as a minimum required thickness of a mold used to make the part). If 
applicable, the design engineer also enters overriding geometric values 
as described in the spreadsheet implementation discussed in Outline 2. 

"The Design Spreadsheet (i.e., computer code) iterates 
on the design" is step 10 in the process and is shown in Figure 5 as 
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b!ook 10 entitled Design Spreadsheet Iterates". The Design 
Spreadsheet then executes the numerical logic as explained In Outline 
2 and iterates (if rt is an iterative computer code) on the solution. As 
appropriate, the iteration process may or may not query the design 
engineer for additional inputs or allow the design engineer to override 
select computed values before continuing to iterate on a solution for the 
geometric values contained within ft 

The Design Spreadsheet (i.e., computer code) outputs 
specific values of the master mode! geometric parameters' 1 is step 1 1 in 
the process and is shown in Figure 5 as block 1 1 entitled "Output 
Geometric Parameters". When the Design Spreadsheet has completed 
the numerical execution for the part being designed, the output specific 
values of the geometric parameters for the part are displayed for the 
design engineer* and the part optionally can be made using the 
outputted specific values of the geometric parameters of the master 
model, 

'The Design Spreadsheet (i.e., computer code) outputs 
specific values of the Manufacturing Enabler Model geometric 
parameters" is step 12 In the process and is shown in Figure 5 as block 
12 entitled "Output Manufacturing Enabler Geometric Parameters". In 
the event the Design Spreadsheet contains the manufacturing 
methodology noted in Steps A-E above, then when the Design 
Spreadsheet has completed the numerical execution for the part being 
designed, the output specific values of the geometric parameters for 
the Manufacturing Enabler Model(s) are displayed for the design 
engineer. In addition, if the Design Spreadsheet produces any non- 
CAD manufacturing enablers, such as manufacturing process sheets, 
they are also displayed at this time. Optionally, the part can be made 
using the outputted specific values of the geometric parameters of the 
master model using the outputted specific values of the geometric 
parameters of the manufacturing enabler model. 
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"Update Master Model with the specific values of the 
geometric parameters 11 is step 13 in the process and is shown in Figure 
5 as block 1 3 entitled "Update Master Model". Optionally, after review 
by the design engineer the geometric parameters output by the Design 
Spreadsheet for the part are used to update the parametric dimensions 
in the Master Model. In one mode of operation, the Design 
Spreadsheet, through internal numerical logic, updates the Master 
Model directly. Examples of commercially available software that 
provide this update method include Unigraphics and its associated 
XESS spreadsheet environment- 

•Update Manufacturing Enabler Model(a) with specific 
values of their geometric parameters" Is step 14 in the process and is 
) shown In Figure 5 as block 14 entitled "Update Manufacturing Enabler 

Model(s)'. Optionally, In the event the Design Spreadsheet (i.e., 
computer code) contains the manufacturing methodology noted in 
Steps A-E above, then after review by the design engineer the 
geometric parameters output by the Design Spreadsheet for the 
Manufacturing Enabler Model(s) are used to update the parametric 
dimensions of the Manufacturing Enabler Model(s). In one mode of 
operation, the Design Spreadsheet, through Internal numerical logic 
updates the Manufacturing Enabler Model(s) directly. Examples of 
commercially available software that provide this update method 
include Unigraphics and its associated XESS spreadsheet 
environment 

The Following Steps (Steps 15-17) ?n the Process Relate 
) to the Actual Making of the Part and are Optional. 

"Forward design for manufacturing" is step 15 in the 
process and is shown in Figure 6 as block 15 entitled "Forward Design 
For Manufacturing*. The article of manufacture developed In steps 1- 
14 above can be forwarded for manufacture. 
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"Perform manufacturing analysis if needed ■ is step 16 in 
the process and Is shown in Figure 6 as block 16 entitled "Perform 
Manufacturing Analysis". If the Design Spreadsheet contains the 
manufacturing methodology noted in Steps A-E above, then this step 
typically is not performed. 

"Make the part " is step 17 in the process and is shown in 
Figure 6 as block 1 7 entitled "Make Part". 

The following, which is referred to as Outline 2, describes 
the steps in the Development of the Design Spreadsheet Logic. 

The following outline discusses the basic logic used to 
develop the Design Spreadsheet. It is important to note that the use of 
the term spreadsheet includes any type of programmable computer 
software. Examples Include, but are not limited to, EXCEL, XESS, 
FORTRAN, C, C-R-, MOTIF, JAVA, CORBA, etc. An example of a 
program is one in which there is an Internally provided link between the 
Computer Aided Design (CAD) program and the Design Spreadsheet. 
An example of this is the Unigraphics CAD program and the XESS 
Spreadsheet program. The essential feature of the implementation is 
to provide a computer program whose main function is to design a part 
by leveraging a Master Model and then: 

A. Inputting Engineering Parameters, Customer 
Requirements, and optional Manufacturing Criteria, 

B. Employing a numerical analysis algorithm, and 

C. Outputting the Geometric Dimensions of the 

Part 

This implementation is superior to the classical design 
methodology In which the geometry is "guessed" dimensions which are 
set and then Iterated. The development of the Design Spreadsheet 
assumes that there exists a feature-based Master Model as described 
in Step 2 of Outline 1 . Additionally, there may or may not be one or 
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more Manufacturing Enabler Models as described in optional Step C 
above. 

The Design Spreadsheet Logic provides for the following 
steps (shown in Figure 7) to be performed: 

•Provide For Inputs' is step Roman Numeral I in the 
process and is shown in Figure 7 as block 301 entitled "Provide For 
Inputs". One required function of the Design Spreadsheet is to allow 
the design engineer to input the Engineering Parameters and Customer 
Requirements. It should be kept in mind that these parameters are 
related throughout the design analysis methodology to the part 
parametric (geometric) dimensions. Since the parametric (geometric) 
part will initially have some default set of dimensions, it is 
recommended that the Design Spreadsheet also have a consistent set 
of initial default values of the inputs. These Design Spreadsheet 
defaults do not have to correspond to the default part dimensions. The 
Design Spreadsheet provides for the following types of Inputs: 

A. Engineering Parameters, 

B. Customer Requirements, and 

C. Manufacturing Criteria (Optional). 
"Perform Analysis to Determine Initial Estfrnates of 

Dimensions" is step Roman Numeral II In the process and is shown in 
Figure 7 as block 302 entitled "Perform Analysis For Initial Dimensions". 
The Design Spreadsheet performs a simple analysis to set the initial 
estimates of the parametric dimensions for the part. The simple 
analysis used here is simply to "size" the part and provide the initial 

estimates for the iterative design procedure used to design the part. 

"Set current dimensions of the part to the initial estimates" 

is step Roman Numeral III in the process and Is shown in Figure 7 as 

block Roman Numeral 303 entitled "Set Dimensions To Initial 

Estimates". This step provides a reference step for the iterative 

process. 
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"Allow design engineer to override current dimensions If 
desired* is step Roman Numeral IV in the process and is shown in 
Figure 7 as block 304 entitled "Allow For Dimension Override". A key 
element of any design process is to allow the designer access to the 
model to override any computed value. This provides the ability for the 
design engineer to drive the design in a particular way to handle 
circumstances for which the general tool does not take account. For 
example, a customer might have an unusual requirement that some 
dimension be a fixed value. Another use for this input area is to 
provide the design engineer the ability to periodically access the 
developing design during the detailed engineering analysis of step 
Roman Numeral V. This provides for greater flexibility in using the 
Design Spreadsheet. 

"Perform detailed engineering analysis" Is step Roman 
Numeral V in the process and is shown in Figure 7 as block 305 entitled 
"Perform Engineering Analysis", The Design Spreadsheet is 
programmed to perform the analytical representation of the design 
analysis methodology developed for the parametric Master Model. This 
analysis forms the basis of what is typically an iterative procedure, 
although in some instances it may require only one pass, involving 
steps Roman Numerals IV through VIII. 

. "Compare results to customer requirements 11 is step 
Roman Numeral VI in the process and is shown in Figure 7 as block 
306 entitled "Compare to Customer Requirements". The Design 
Spreadsheet performs a determination to evaluate if all of the customer 
requirements have been met. 

A. If requirements are met. go to step Roman 

Numeral VII. 

B. If requirements are not met 

1. Update current dimensions. The 
methodology for updating the part dimensions in the event that the 
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convergence criteria for the design was not met is programmatically 
included in the Design Spreadsheet at this point. The analytic 
methodology for doing this is determined during the development of the 
design analysis methodology. 

2. Return to the etep following step Roman 

Numeral III. 

"If the manufacturing analysis methodology is included, 
then perform manufacturing analysis, else go to step Roman Numeral 
IX" is step Roman Numeral VII in the process and is shown in Figure 7 
as block 307 entitled "Perform Manufacturing Analysis". In the event 
that the Design Spreadsheet includes the manufacturing analysis 
methodology then the analytical representation of the manufacturing 
analysis methodology is developed and programmed at this point. 

"Compare results to manufacturing requirements" is step 
Roman Numeral Vlli in the process and is shown In Fgure 7 as block 
308 entitled "Compare to Manufacturing Requirements". 

A. If the requirements are met, go to step IX. 

B. If the requirements are not met, analytically 
update current pan dimensions, manufacturing enabler dimensions), 
or process controls as appropriate. The methodology for updating the 
analysis in the event that the convergence criteria for the design was 
not met from a manufacturing view point is programmably included in 
the Design Spreadsheet at this point. The analytic methodology for 
doing this Is determined during the development of the manufacturing 
analysis methodology. A key difference between this update and the 
update in step VI.B.1 . is that here any one or combination of the part 
geometry, the manufacturing enabler geometry, and the manufacturing 
input criteria are updated. 

C. Return to Step Roman Numeral IV or VI as 

appropriate. 
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"Output parametric geometric part dimensions for the 
Master Model" is step Roman Numeral IX in the process and Is shown 
In Figure 7 as block 309 entitled -Output Dimensions For Master 

Mod«r\ 

A, An example of a methodology is one in which 
the CAD model Is directly updated by the Design Spreadsheet 

"If the manufacturing analysis methodology is included, 
then output the parametric geometric dimensions for the Manufacturing 
Enabler Model(s)" is step Roman Numeral X in the process and is 
shown in Figure 7 as block 310 entitled "Output Dimensions for 
Manufacturing Enabler Models)", 

A. An example of a methodology is one in which 
the CAD model is directly updated by the Design Spreadsheet. 

Several benefits and advantages are derived from the invention. 
Using desired engineering parameters as inputs, instead of nominal 
geometric parameters, shortens the engineering design time. Factoring 
the manufacturabinty into the design process mean6 that the 
manufacturing personnel will not have to review and/or analyze a given 
design for produclbllfty. This shortens the overall time to design and 
make the part. Factoring in customer requirements ensures that the 
quality of the parts produced meets the customer expectations which 
reduces warranty work on the manufacture's part and reduces potential 
downtime on the customer's part. 

It is understood that the order of performing the steps of the 
process may be varied, if logically feasible, as is within the 
understanding of those skilled in the art. For example, and without 
limitation, in Figure 2, block 210 entitled "Create Manufacturing 
Program" can come before block 200 entitled "Create Design Program". 
Also, steps IV - VIII can be performed in any logical order, as can be 
understood by the artisan. It is further understood that certain steps 
are optional, as previously described and as can be appreciated by the 
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artisan. Applicants have used the present invention to design swirfers 
for a gas turbine combustor. Once the modeling and programming of 
the process was done (which entailed about 160 person-hours of 
routine work), running the design process took about 2 person-hours to 
reach an acceptable design which considered numerous variations in 
the engineering parameter inputs. This compares to performing a 
conventional design process for designing swiriers for a gas turbine 
combustor which typically takes about 16 person-hours to reach an 
acceptable design which considered only a few variations In geometry 
variables. The Design Spreadsheet used about one thousand cells in 
an XESS spreadsheet environment in Unigraphics. Applicants believe 
the design resulting from the process of their invention is superior to a 
conventionally-derived design because they consider numerous 
variations in engineering parameter inputs instead of the conventional 
few variations in geometry variables. Also, another strength of the 
process of Applicants' invention comes with reusing the modeled and 
programmed process to yield other designs of the particular part For 
example, with Applicants' invention, the first 100 swirler designs takes 
360 person-hours (with each additional design taking about 2 hours). 
This compares to 1 600 person-hours using a conventional design 
process. 

It should be noted that the process of the invention Is recursive 
in that the process is capable of designing a part, of also designing a 
mold to make the part, of also designing a tool used to make the mold 
to make the part, etc. 

Thus, it is seen that the invention is expressed as a process for 
designing an article of manufacture or as a process for designing and 
making an article of manufacture. Alternatively, the invention is 
expressed as a digital computer 140 which includes a program for the 
engineering design (or engineering design and making) of an article of 
manufacture which instructs the digital computer 140 to perform the 
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steps of the above-described process. Also, alternatively, the invention 
is expressed as a medium 120 which contains a program readable by a 
digital computer 140 for the engineering design (or engineering design 
and making) of an article of manufacture which instructs the digital 
computer 140 to perform the steps of the above-described process. 

The foregoing description of several embodiments of the 
invention has been presented for purposes of illustration. It is not 
intended to be exhaustive or to limit the invention to the precise form 
disclosed, and obviously many modifications and variations are 
possible in light of the above teaching. It is intended that the scope of 
the Invention be defined by the claims. 

4. Brief Description of Drawings 

Figure 1 is a hybrid apparatus/process block diagram (Le. t 
flow chart) of an implementation of the method of the invention for 
designing and making an article of manufacture; and 

Figures 2 is a block diagram expanding individual block 
100 of Figure 2; 

Figure 3 is a block diagram expanding individual block 
200 of Figure 2; 

Figure 4, is a block diagram expanding Individual block 
210 of Figure 2; 

Figure 5 is a block diagram expanding individual block 
160 of Figure 1; 

Figure 6 is a block diagram expanding individual block 
180 of Figure 1;and 

Figure 7 is a block diagram of steps whose performance 
is provided for by block 6 of Figure 3. 
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FIG. 7 
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1 . Abstract 

A method for designing, and optionally making, an article 
of manufacture. Customer requirement parameters are defined and 
related engineering parameters are chosen. A parametric geometrical 
representation (i.e„ a master model) of the article is created in terms of 
geometric parameters using a computer program. A design analysis 
methodology is crated and programmed into a computer code and 
stored on a computer medium such that the engineering parameters 
and the customer requirement parameters are program Inputs and the 
geometric parameters of the master model are program outputs. 
Specific values of the Inputs are inputted into the computer code. The 
computer code Is run on a digital computer and specific values of the 
geometric parameters of the master model are output! ed. 



2. Representative Drawing: 



Figure 1 
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